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1. A~t-T*.ACT

The testing r:" geileh fuel's compatibility with a coimercial transport fuel
system in discussed. Th- effoct upon th'. strength of kerosene gelled fuels

of,varyins; the amount of gelling agent, i-l water content, gelntion
tnmperaturc, gel. temperature, purpin,; with Oitfferent types of pumps, and
subjection to n typical vibration spoctrum wars invertigated. The corrosion
ciiracteri.ticr x' tU Celled fuel and the gelled fuel's ability to support

mier:biolo,.ical growths wns studie"!. The gell,!d fuel was also tested for
i's ability t) be pinpe'1 out of n sctlon of a 727 wing fuel tank. J'
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In some airplane accidents, post crash fires have claimed lives of passengers

that otherwise night have survived. With this in mind, gelled or emulsified

fuels have been proposed so that post crash fire could be avoided or post-

poned, and safe evacuation be I• .itated.

The FAA and the U.S. Army both have pi .grams aimed at defining the safety

advantage of stiffened fuels over conventional ones in reducing post crash

fires. These agencies have also funded testing by various aircraft engine

manufacturers to determine the compatibility of stiffened fuels with their

engines.

This study investigated the compatibility of gelled fuel with present day

4 I large transport airplane fuel systems. Gels made with FAA 1069-1 gelling

agent were investigated. Both bench-type laboratory testing and large-scale

testing were conducted.

Laboratory Bench Tests

Since stiffness is a key facto, 11n flowability, it was used to characterize

eact, gel and was measured by the penetration of an inverted cone into a gel's

surface. Determinations were made ot' the effect upon the stiffness and con-

sistency of the gelled fuel of the following parameters:

o Percent Gelling Agent

o Pmount of Total Water

o Gelled Fuel Temperature

o Mixing Tempersture

| ~ i '
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o Cooling Rate During Cellation.

o Pumping With A Vane Pump, A Gear Pump And A Centrifugal Pump.

o Storage Time Before And After Pumping.

Small batches of gelled fuel were made using kerosene and varying amounts

ut FAA 1069-1 gelling agent. The kerosene was heated to 130cF to

dliqscv1ve the gelling agent find ths. liquid inixture das allowed to

cool to produce gellation. The stiffness of the gelled fuel was

determined by the. penetration of an inverted cone and the ASTM D-217

penet romnetor. T'i standard cone and two other lighter weight cones

were used. Initial testing showed the stiffness of the gel to be

aftected by thu water content of the final gel as shown below.

4.0.0

30ii DRY GEU.1W AGENT~

20. 0 6.8% wAm1K I GnLW AGENT

19.6% WATER IN GILLI AGENT
10.010 095 1.0 I.S t..o

'I S~WEIG(fT PER'CENT DRY GELLUNG AMWIT-
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Wl Pumping the gelled fuels tends to break their structure, releasing small amounts

of liquid fuel and d ;cr .... their stiffness. Centrifugal, gear and vane pumps

were used. The centrifugal pump caused the greatest decrease and the vane pump

the least decrease in stiffiess. The centrifugal pump has difficulty in main-

taining suction.

The effect of time upon gel xtiffneas is shomwn below.

1.0% PtMK TWICE WIT A GEAR PUM4P
40.0 HA BOOST PU• (18.0

ý ý . ý ý MýILLfl'IEERS AS GELLED)

0 -0 W1.A PUMP'ED ONCE WITH A
GET PME (23.2 ,IL-
ML'77. AS 'ELLED)

l.rA AS GELLED

1.5 PIMPEJ O0C
WIT A GEAR PW

T114 A-r DAYS

GI.ls which had been exteasively pumped and sefrely b.-oken would stiffen with

time, This tine period may be of the order of .wo or sort Ayes, but as seen in

the flov.bility teSa, only fo,' ' were requiaret for an otherwise Alowable

gel to stiffer, enou•h so as -1ota'jle.
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Sni~'''~ ± '' hpifped :n-f linr'~mped Pels ve~re. stbje,-ted to a.

ý0:pvrtriL'ire spectrtrn of45-'t: to .'0 -15~' he stifiness of those

el ii 1v.r&'ase wi ?.h aIevread,4L in te:.reratiore.

A 1 .0' k~el wa.q tteei ot or nroslon .h;iracte~ristics vi'th a I rintr 1,

i I .- pIAt~ed litle; ajines lm,, an'o eel ~' . Tho ;-ea .urfa~ce cf the

t-ndrizin platned s toel~ v as oar~i.vnen hu ron pittln,,. occurred, andi

LHAI~ th !wm'l et-:tl 0: Hip 1'nar Lo, be. i~ cn ' all ected.

"1,'c~n t v Led lor-deirnorai. j.rcr'-th supnort the vell1ed fuels

be inve q.ilary to Jet A rs~

'Ifilvmt* ttostiH 'cir- ~! n ~ 't I- sla ri .1 i th e fec LM of aiir, I sno,

uvitviroint i(ffn t t' o ftlel (L4. 1 nd'ov tie -ol 'ed £ Ioo1' por fornance In

t he ;. r pt finn. A sjm~wtil i ,(ovt ln ~ I l oth ;,1 mo vvrid wi Ing f amk WS" IJ'4011 414

iroesont fum1. ,;vsteri iienhcn rc'qniires t~he +uel to flow by' gr, r t,., to

the' !uei tank !'rno-t "Oj' 'es, *-kidl 11i Erent levels fst: tIf frness

.,?er test*.v- tit 're~;at.e e! sict Ufnes,. to Inw.abilit-P. A 707 boost

pup.,: rh .1 *.-aol C14: i1.1tor was mxt.nted (in the tank fLor pumpring oult

the I'lW I

Li ý'Jid kc -ine was mumet to provide a1 baseline. Abu tw a~ns of

una~valI.able ftuel c~d~ in the tank. In these tests the gels

are lahcoied a4 being.i, gelled", "px..qe'i once", 'pumr'-ed twice", etc.

* urmped 9.; (11-4 woulti floiv' Lo the lnim*p but a.bout 12 ga ~llons

of gel were nxm~ilable. ~hna 1.5-1 puriped gel, havin g a penetration
0

0, o 1,.0 -m~illimeterrs with 2r. grit". cono. was puriped ýout' 50% -of 60 a11"n
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of gel was unavailable. Neither a 0.-') "as gelled" gel, nor a I.5% pumped-once gel

which had lain for four hours after being pumped into the wing tank would flow to

the purp. The former registered a penetration of 23.0 millimeters and the latter

25.0 millimeters with the 28 gram cone.

The ressilts of this testing are tabulated below.

Consistency
Unavailable Differential Penetration

Flow Fuel Left in in Height With 28 Viscosity
Times Rate, the Tank, Across Baffle, Gram Cone, at 77"F.,

* Gel Pumped G.F.M. Gallons Inches - Millimetera Centipoise

Prior to During
Pumping Pumping

0.0 4.. .0875 2

i 0.0 ?"D .2 3 0.o' 1.0

0.0 31.2 -1 0.0 1.I'2, P

0.5 0 >95i 0.0 13.0

0.05 0 ,954 0.0 23.0

0.7 1 30.4 17.5 1.5 j.0 38.0

0.7 1 29.6 14.2 i.5 3.0 36.5

0.7 3 ,14.8 12.3 0.25 1 .5 112

0.7 3 14.9 1,1.0 O.P5 1.0 60
4.*0-

1.5 1 14.4 28 1,5 6.u 33.0

1.5 1 , 95% 25.0

* The angles of inclination in all cases were between two and tour degrees fore

and aft nngle end three and six degrees lateral angle except for this case in

which the tngles were eight degrees and ten degrees.

For the vibration testing the simulated tank was mounted on the end of a 230-inch

moment arii and subjected to a vibration spectrum consisting of a three-cycle per

second frequency nnd a 0.0 to 5.4-inch double amplitude.

0.•0
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The consistency of the pumped gel is not affected by the low frequency vibration

unless the double amplitude exceeds three inches. At this level it is weakened
by the agitation induced by the vibratimx.

The unpumped gel was deformed by the inboard and outboard sloshtng mtytion of

the gel. This sl1.hing a¢tiou induced bleeding of liquid fuel from the gel at

the bottom of the tank.

A vertical cylindrica tank filled with about 100 gallons of gelled fuel wes

used for the IAmpdown testing. The 707 boost pump with a vapor eliminator and

using a snorkel type inlet was successful in pumping a pumped gel out of the

pumpdown chamber at sea level pressure. However, at a simulated altitude of

42,000 feet (2.4 psia) the pump was able to Pump only 35 of the 100 gallons out at,

appro•~.mately seven gallons per minute before the flod virtually stopped. This

left about 65 gallons of gel having a head of 2.5 feet over the pump inlet in

the tank. When the simulated altitude was reduced to 18,000 feet (7.33 psia) the

remaining 65 gallons of gel was pumped out at a flow rate of about sixt.een gallons

per minute.

Conclusions

The penetration number of a gel is a function of both the percent gelling agent

used and the water content. Thuh strict moisture control would be required

to manufacture gels with consistent penetration values. Pumping a gel

reduces its penetration number markedly ani variously. A pumped gel recovers

stiffness with time.

From the results of the flowability testing in the wing tan section, a

penetration level of •.v millimeters with the 28 gram cone is considered to

be the upper limit of stiffness wtich will allow flow to the bozst pump at

sea level pressure.

A pumped gel with a pe-"tration level of 33.2 millimeters with the 2 grm cone

could not 'e pumpd out of a tank at the low suction heads existing at an

altitude of .2,000 feet (2.4 pi&a) when sr.3rkel pump inlets are used.

REv Sym +



I-Low frequency vibration of a period and amplitude experienced by a wing tak

Sduring gust loads will cause liquid fuel to be formed from either pumped or

unpwaped gels.

The low temperature fuel tank environzent which is a characteristic of subsonic

flight would aggravate any problem induced by the gel's stiffness.

This gel cannot be classed as a possible candidate Zor use in conventional

transport airplanes because of ite unpredictable stiffness.

P A
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III. INT .DUCT-TIOIN

A fatal alrplane crash is sometimes accompanied by a large post crash Tire, cased

by fuel being spewed out of ruptured fuel lines and/or fuel tank structure. This

results in an aerosol mist of air and fuel atd a pool of fuel near the airplane.

The aerosol mist is subseqjently ignited by hot engine parts, hot exhauct, a fric-

tion spark or other ignition source which might be present. The burning mist

ignites the fuel spilled on the ground. Sometimes, the fire claims lives of

those surviving the impact. In order to save those lives, stiffened fuels have

been proposed to reduce both the aerosol mist and the fuel spill following a

crash. The two types of stiffened fuel under conside:ation are emulsified fuel

and gelled fuel.

The concept of using these fuels in airplanes has emerged gradually. Initially,

the Army was investigating the feasibility of instantaneously gelling the fuel

in the tanks just prior to an impending crash. After this concept was abandoned,

the idea of transporting the fuel in the gelled state and then reconstituting it

to liquid form prior to its use was investigated. This gave way to the concept

of using the gelled fuel in the airplane in the "as gelled" state. The Federal

Aviation Agency is interested in this aspect of thickened fuels and is consider-

ing the possibility of their use in coxmrercial transport airplanes.

Both the Arimy and the FAA have funded research prograams on the investigation of

gelled aad emulsified fuels. At this time the Army is concentrating their

efforts in the emulsified fuel area, while the FAA leans toward gelled fuels.

The FAA contracted The Western Company to develop and test fuels gels for their

feasibility in reducing crash fire hazards. This work resulted in the formula-

tion of a gelling agent designated FAA 1069-1 and is reported in Reference 1.

.-- --- )--I
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The FAA has also let two contracts for further development and testing of gelled

fuels as well as emulsified fuels.

Most of the work previously accomplished on gellid fuel has been the determination

of its crash safety aspects and its compatibility with aircraft engines. At the

time this work was undertaken, hIardly any investigation of the compatibility of

the airframe with gelled fuel ',•& been accomplished, and that was the object of

this investigation. Gelled fuel made with FAA 1069-1 gelling agent was examined

to determine how much stiffness the present airplane fuel system can accept with-

out reducing flight safety, The study involved the determination of the factors

affecting this stiffness so that its constancy and homogeneity could be assured.

The gel was also investigated for side effects which could reduce flight safety.

The laboratory setup and test equipsment and apparatus are shown and described.

The methods of Qetermining stiffness and the parameters affecting stiffness are

discussed. The test data concerning these parameters are presented in Reference

2. A description of the tank mockup is given, and an analysis of the testing

done in the tank mockup is made. Motion pictures taken of most of the testing

in the tank mockup are available.

REV SYM UI-F A f04JP N() D6-15230



IV TESIv. POGzzM

I A. MODEL AND TEST APPARATUS

The gelling agent used was FAA 1069-i, which in a hydrocarbon, N-coco- -bydraxy-

butryamide (CHBA), developed by the Research Division of The Western Company

(Dallas, Texas). Normal water content of the agent is 6% and adjusted pH is 9.0.

The fuel is heated to 130 F, the agent it dissolved into it and the wxture is
allowed to cool. Gellation sets in at about 125*F. As shown in Figure 1, the

gelling agent is a waxy soap-like substance which will readily dissolve in the

warm liquid fuel. The gelled fuel made with this gelling agent is a firm opaque

substance with a slightly moist surface. In the "as gelled" state it resembles

jello while the pumped gel is similar to "applecauce". Jet A kerosene was used

in these tests.

The ASTM D-217 penetrometer shown in Figure 2 was used to determine the consist-

ency of the gelled fuels. The standard penetrometer cone has a total weight of

150 grams but since this was too heavy for some of the softer gels, two light-

weight cones were made. One was an aluminum cone with a total weight of 62 grams

and the other was a plastic cone with a total weight of 28 grams. These are 90"

cones with a 300 rneedle point. The penetration of these cones into the gel in a

five second interval is measured. Tht penetration is inversely proporttonal to

gel strength. The viscosit.y of the pumped gels, which were too fluid to be

measured with the peneStrometer, was determined by use of the Saybolt viscoater

which is shown in Figure 3. The time required for the efflux of a 60 milliliter

sample of gel was obtained and the viscosity was determined from this by use of
ASTM procedures D2161-63T end D1745-63.

Two of the three small pumps used to work the gels in the laboratory are shown

in Figure 4. The fuel was gelled in the hopper or put If.tz t%. hopper after

gellation and then pumped out, using a follower plate where needed.

0

REV SYM D615-30

P Au1 1.3
6-7000



LA'm''

I1

.... ......



CALC Ra3efoBRK AltjNVI DATE .. M M~3 ~~NET~tOMTER USED IN -IGUE Z.-______________
_______________ jCONSISTENCI5 .1W.'s WITH S&MPLE

____- - ~CUPS COI.JMMI)WJ4 TO A~bT.M.- -I _________ ___ ______ SPCIFICATION*s

___--Tmc a~AWAA7VCOMPANY
- = 1 - MOO. AMG?#1

TO *i 0Pa 67



Il;X

-11

~BVOOATQ £,).8LT VIlLU~1bJ 3~)i

* .. ~... ~CONSiSTENWCV ?ESTS OF PUMPED
I - .- - VEROSEi'16 C -L5

Tfl4 AWAFAMWW COMPANY
RXNTON. WASHINGTON4

6 o'oo



CALC ISURK 6/1/61 5*m.L C0R~laAE Pimp &>o__C 4
cloacm ___ __ CZAA P'AP UWD *4 QEL PU.WNIJE

APPO _______ IFwf~t COMPNYA

.. - I .. - - mot" w



b NTwo 13 inch by 9 inch by 2 inch cake pans, one aluminum and one Teflon coated,

were used to determinc the effect of a non-wettable surface on the gel's

flowability characteristics. _11affles divided each pan into two unequal

sections, and holes in these baffles simulated holes in ribs or stiffeners.

The large scale mixing equipment and the pumpdown tank are shown in Figure 5.

The mixing tank has a capacity of more than 100 gallons. Tt has a removable

unit consisting of a coil of copper tubing for heating and cooling the fuel

and a paddle wheel for keeping the fuel well mixed. Thermocouples were located

on both sides of the mixiag tank at various depths. An air-driven gear pump

is used to punp the gel out of the mixing tank.

The pumpdown tank has a capacity of about 100 gallons and provides a four-foot

head of fuel at the pump inlet. Plexiglass windows are located on the top and

9 • the side of the tank. This tank is capable of withstanding a vacuum of 30

inches of mercury and the piping and valving allows a vacuum to be maintained

constant while gel is being pumped out with the 701 auxillary boost pump. The

pump has a vapor eliminator and a snorkel-type inlet similar to those used

for the 727 airplane. Small sections of plastic tubing allow visual obser-

vations of the gel upstream and downstream of the boost pump.

The gelled fuel was tested for its ability to flow in the test section shown

in Figure 6. This simulated wing tank wa2 designed to represent a section of

the Boeing 727 integral wing tank as shown in Figure 7. The test tank

represents 4.5% of the 205 square foot area of the number one wing tank being

simulated. The total capacity of the wing tank is 1797.5 gallons, of which

only 4.5 gallons are trapped or unusable in flight. This results in a usable

capacity of 1793 gallons, or 99.7 percent of the total. The test section can

0
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lKi Trt 3 rYrp.lu r~ly)cce than TO' gallons Waxs used for testing,

III,~ ,cstiri rw 'lo c',-!!Lrte!ýr'il -wIng tank incluetes r'its ahout eve~ry 2T? Inches,

~~.hi'~t-t d a Ah ' irijtnd hwav'2 f ripper typn check valvcs in the

t.~2J c c prr~Pile fu& 'rom~ flowing oit1;oAxd and away frovr, the pump Inlet.

Sr~ i.: -t~c L:iP'E I!~'(,C F ;ar.v albout '; riý:hec apart on the top and

o-, -nrhv11n%1"tiirhlcI cetoi ple to

~~~~~t( heImw ch:: it~ wc-on Lvt¶fenflrs tofo to th

~ :~t. Te t w:as *](slgred tco -P.clli-e one of' tbe three baffle

I A'~' 11, . T~ sliula11ted tank this Incl~ules or,ý of the areas

iv ; .n IwL.,h all ty,-. cf' flow r-e.-tric ioniS The fuael h%.,

"* (W t'.r, 't-i th.t.'I !e r b f'or, the st 'e.,~,and then through
V -o. v, t 4,L. qjo~c )th r.rp zie.At' 'oni nVAl testilsg

4.-' ~j*~' S-2CýiLcr c,. stlf~fer.--r 41jacent to the Pump inlet waa

"c'v *~~ ' T~ 1. t5 1 -,.Low pa'ýs-rre c'oeyrcsemblitif: airplane

br:w- Ln~~t* pi Lij t>j a '.e'i * 'e -tr rý!.ovn Inu Figure 8, so it cculd

~' ~ ~ ~. bc'i-. frwa!d and a sp nwiiso cl-rection in order

r~ ':1~'' ~ ~ f1.r~%t *~ t'~k I . Te 707 ntuxilary Loost P!urp it

~ e.. ~n ~: ~s -cIi'.ec1 on, tile tvjlK anld ised *tc purmp t~hc fucl. 0iat of

th :k.... ,ril -d~ l h v"- rib, to allo)w a visual rmeasurrMent

c Ith rr n '1 height a,,-rcs.,% t.-.0 baffle both prior to and diurine

~ :3p~ .L wj.~ u~'can Le rcuinteý. on a low frequency, high am~plitude

v/ ~>r ~;vnw nFg~9 h~ rig, 1bui 1t up from a "tinker. toy"

~t ~ 3 ~i UJb'hI ~, *x .o vc.rtl ral motio- at the euid ofa23

"~rich T:.10efl' !7rn A hy.11-1111.0c atlA~t0or ic i-s-ed to produce a s T.iu6Otdal
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vibmt1lari. ThsŽ o:tNirc1 i~nd of' f.he riom'.ont arm where the tunR inootk ip Is

viontcxl represcrito wl!ýv rt.'1Yon 76 whi zch Is the outbrcaLd end of the u~

t~t-iV. Tn crcler to btt eniough L.ylrýullc fluld flow4 "o olotair. the. maxfYmiurn

001o t'.1 am* 1.uLdC of 5.,ý 11oitics uad 3 cycles per secafld frequerh'y, an ac~cumulator

wazm~~rd Tiis (.nine 'tt On rIn(Awbed a I I near t-ransduccr cauda a~ cceletroreter.
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"I!.FAA' v- ll~~~g~~ wus olIt~lried from The Western Company FtLcng, with

n j ~" istu:: nr. S (e f t)!,- %.r'ialvs atffec'ting the streng~th of the*

t;~~ d ei ýr-.~~no,,I tted %:It~h n*-: -!i(,g proc(edure. Theae includel the

~±~~I. tCcc~tak Wa1tt' in the rZil~edl fuel, the r~.mount of gelJ~ng neent, the

L~-r~tr~of t~h: l.u 11(jl fel avid tllo. If-ngth of' time at that ternperi0ture,

.. 'o trou:it- of* :iartl tiil~tr natter in the fizc-. aril the rat~ of cooling during
gc~l ~tI n.- 'iT.c Inves.1v-,tticri -Alsn Inrbclue i~e effect ii)Cfl E~el otrength find

0" tie r,) hOWl rig

PNrp'Ov," th., -Wc1 wl'th d rrt typt.±r cf pnr~il s

o 1 2~,'t cft`It~( vJterpun- u and befoire oonslstien'-y testing

~1 l;~rfl(the 1'uT.q',d g

-~I.'' AJi** uri%,I.'In of'v~ra~

m* ~ ~ f t-n.fe ; ', ,ir r r v h'racter~.rti-~s as well ar, microbItologi-

f-I '; 1(.th s-it . rt.. .1V. eft'cct. CI, rilt1itn-lie upon gel ccnrU.Ivtirncy arnd pumrpahility

i Ihe 1tV . a!Ž i: its' ,:' dI.11(rret streneth gelc to feed a pump

* ty' .~l n'se-rel. wIif, tank wvo stiili~ea . oh ffoot on thie flow

*-~i I:11 ~0. *'il i fh~cY ot'~ -ia~ suir.'rtce rSuch as Teflon was a~lso

t~T(:: '~t-~j uii ~j ler bachs f gl'elfuel of v~rlr..ns strengths were

!,,,'rI- s.Ic IŽsw~ ~t n!cr-tory trctIIInf7. These incluied Rels mrlae wi.th

31r Ci t, I 'c'i y ve 1-1 F 1 ±t ie ; :rferit . 'lie linuid 1kercserie -was

Vc'ael th c:'1Tt'- te~ietur f~13F by use of' a water bath. The

~. q~v~ti *vluxt~-F AA IC(/'-1 -tl:~ t,,e:.t %ris finely divided arid %dMed to the
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4 hot fuel which was kept at 130°F until the gelling agent dissolved. The liquid

mixture was allowed-to cool and gel in three or more penetration cups and special

containers as needed for other tests. Using three or more samples, an average

penetration was obtained.

Variations from this general small scale mixing procedure were made to check the

effects of various parameters. In order to determine the effect of water content

of the gelled fuel upon the gelled fuel strength, the gelling agent was dried and

predetermined amounts of water were added. A fuel temperature other than 1306F

Iwas used in some cases and this resulted In a variation in gel strength. The gel

strength is 81o affected if the liquid gelled fuel is held at the gellation tem-

perature for a period exceeding that required for dissolving the gelling agent.

The rate of cooling during gellation has an effect upon the gel strength and this

-was varied. Another test involved the addition of Arizona road dust to the heated

liquid fuel prior to gellation.

When the liquid gelled fuel had gelled and reached room temperature, the pWnetra-

tion was determined for each of the samples with a suitable cone. For correlation

purposes the penetration of various strength gels was measured with both the 150

and 62 gram cones or with the 62 and 2f gram cones.

For the pumping tests, the gelled fuel was put into the horper either before

or after gelling. Each jump was tested independently with a fresh batch of

gel and the consistency of the pumqled gel was determined with either the

penetrometer and.,/or the Saybolt viscometer, depending on its consistency.

Three different pumps were used and for two of the three pumps the samples

were Iumned repeatedly until further pumping had virtually no effect upon the

01 viscosity of the gel. The consistencies of se pumped gels was measured with

0 both the Saybolt visconeter and the 2e gram cone. One gel was pumped with the
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gear pump through a 150 micron filter and compared with a sample of the sam gel

4 pumped with the gear pump without the filter.

Both pumped and unpumped gels were cooled to within 5* of the freezing point of

the liquid fuel and the penetration level was checked at several points to

determine the effect of temperature.

Some gels were divided into two parts prior to gellation. After gelling, one

part waz pumped rzore than once and nothing was done to the other part. Both

parts were then liquified and regelled to see what effect this would have on

regel strength and consistency. Some gels were tested for consistency as soon

as they cooled to room temperature and then were periodically rechecked to

determine the effect of time upon stiffness. This same procedure was used for

other gels except that they uere pumped one cr more times after gelling.

The gel was tested for its corrosion characteristics upon cadmium plated steel,

aluminum, steel and magxnecius,. The metals were selected and arranged per A1

3150 C 4.1i4.3. One group of metals was immersed in 1% gel for 30 days and

another group was half imersed in the gel with the other half of the metal

coupo'. extending into the atnosphere ibove the gel. A comparison run was made

usini !-quid kerosene. In boti tests the metal coupons were weighed before and

after testing ,ith the gel a•nd the corrosion products were removed with benzene

and acetone washings.

The gel wafs als tested for its support of microbiological growths. Gel samples

of 3.2, , .',, 1.3 and 1.51 gell.ng agent were exqx.sed to an inoculum containing

eleven different f"•4gi. Also inoculated were 1 and 3 .. •r-water aixtures, n.2,

01.S, j.C' r%.d 1-.5ý, agar--fuel preparations, 1 and 3% gel-water mixtures and 10

milliliter aliquots of kerosene and kerosene plus C.5' water. 'Te ai.r and

gel plates were incubated at 6')*F and 9%, humidity for 20', 6C and 90 day pericds.
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I'h pht~ w~reti crg('11 ct1x (I rIv~ t the end1 of theou periods hs well'

~i~e fet~oft eV.r 'v.'z.::~upr thE flow clvxr-t't.rLntics ofF

the i, 1ce wer( anglt ~a~ .r~ ie W-x- dfeterr,'Lned tit whieh ',ho gel. wuiit'

flow tihr(Wh-1 :t llile r lvlc U1 %- ~'~e stringer in the aluminu-m unl lPellon~-

lined cu.ke ~s.Alc%, ri fnic cent*':R'ter 3ani.re of' 1.0% gel1 w',s pl.ided In

P%,Th o1' tht! T)'.nrl . 7her, tl- nnfile iat WIi h the sample will flt'drcwrn the pan'

War rx.ri!n~ w-t, t!t'-t, "Inro r*ýq-tir.c I.- movo 12ý !:cher, down1 tieý pan.

'i'he .ur~ ~>t,&.-tIiv 1-vc-'1 .'c ith rr of -O !7allorns Qr of~it~ t!' Il~ed f~ai..

To m-kc theisc !'..rr'e Iahethe 1. :qxir1-4 her was~

ar~ h~e tc.J0 ,y !:r cW t e-o cc" "Die paddele wheel In the

butAtom of tlre t;'mk kI1*t !L k'er,,c-ýee wcUrxa id tl-e uni for-1 Py of' thc

teT)urratturc ,.rz itcr're 1,,y therrn(.'cr.1pl.ýs it v-.rvio.-us depths and. on opKosite

SlUCS L'f t'..c nftXiry, t'1y)'1. :'hc, req,.lv-nd .-,nu'int of' gel2 ing agen~t was Udled to

the kercseyje wl.t~n tie tomper..ti~re reaelierl 130 F -tnl this teraper:Lt'ire wac

ama! rtaj ned aint! .1. theic volll !n* lt~itad completely di:ýolved In the kernsene.

The steam cool -11-d padldle w~heel iwrre th'rn removed Fnd the liquid Uelled fuel

was rillowedl to cocil arid gel . After the ifel coolod to roon ternperatture, a

penetrationi narmp.e wa~removed anid then thee Cel is trans ferre.d to the pumprdoum

charrbc-r or Ithc sirnuhitod wirig tank, with the air-driven gear pumap. The constst-

ency of thle onore pirnei f,-el Is determ ined. After the gel wrts pimped in1to the

purnmpdo~wi chamber, 1t w'ts puriped cut with Lhe 70T auxil2iary thooc t pur.V~ at sien

I evel presr,:re.

A once pim~rod g4wrx. t(e.-ed under % va.xrwim to determine the 'effectv of altitude.

The pixinpdown cha mber was taken to a simiklated altitude of 14290obfeet (i.4 Pala)

'~in steps and the evoIrtion of air was observed. An attinpt was mwde, to pump the
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gel out of the pumpdown tank using the same 707 boost pump. The simulated alti-

tude was reduced as necessir, to obtain flow. The flow rate was determined by

periodically measuring the volume of fuel discharged as a function of time.

Flowaollity tests in the sirulated wing tank were accomplished by pumping about

50 gallons of gel from the mixing tank, through a rubber hose, into the outboard

section of the test tank.. Thus flow was always toward the inboard, or pu~mp end

of the tank. The differ,,ntial of fuel surface level on either side of the baffle

rib was measured during fill, at rest, and during ivmp-out. This was one index

of flowability. The gel was pumped into the test tank; (1) while still hot and

allowed to gel; (s) after gellation to test the pumped conjition; or (3) reused

after a previous test to Simulate a twi~e pumped gel.

Just prior to the flowability test the tank was set to the desired "roll" and

"pitch' angles. The boost pump mounted in the test tank removed fuel at a pre-

determined rate during the flowability test, which terminated when the pump lost

suction. Unavailable fuel was then measured, and ý!onstituted a second flow-

ability index. Untreated Jet A kerosene was used to provide a baseline.

To determine the effect of vibration, the filled simulated tank was subjected to

a low frequency, high amplituue vibration spectrum. A 1.D percent "as gelled"

gel was vibrated at a frequency of three cycies per second and a double amplitude

range from 1A to -. !, inchdes for P tutal ttme of abeut l' minutes. Then a

p-m~ed "..) perctnt gel was vibrated for nhout b. r minutes at a frequency of 3 cp

3fnd n double a-iplituie of from to 1.6 inches. Full motion licture coverage of

this testirg was also outained. T1he Fhoto Instrumentation Group has the motion

pictures under fiLe number •'S 72f.

at
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C. DISCUSSION AND RESULTS

1. 3ench Tests

a. Consistency and Stiffness

The data shown in Fig. 10 were taken initially in an attempt to obtain a

range of values for the consistencies of gels made with differing amounts

of gelling agent. Each of the data points represents the average pene-

tration of samples of "as gelled" gel made in the same container and

poured into three gellation cups. The actual values vary from -these

averages by from + .291f to + 3.36% and -3.48%. A greater penetration

is indicative of a weaker gel. Because of the wide range of values from

each oZ the different percentage gels and the overlapping of the ranges,

an investigation of the effect of total water was begun.

It was determined that the gelling agent will equilibrate with the water

content of the atmosphere surrounding it and since the strength of the

gel ig dependent upon the water content of the gelling agent this had to

be taken into account. Tests were run with gelling agent containing

from zero to 19.0% by weight of water. Figure 11 shows the results. Fuel

used for these tests was predried.

The photograph in Fig. 12 shows a slump test of two samples of 3 .0 gel,

one nuide with "7 ,,nl t1e nther v.ith l- :., percfart hy weight of wjter In thi

gei JnI s.went: ',nn "ne of t'-e Fcrl'tion 1-upc from .hich they were rersrred.

The prenter slump w• onhtt'ine4 with the 1.7% H20 gel.

From these findings we conclude that the gel can be characterized by

pehetration alone, and that the penetration of a particular sample of

gel is a function of both the percent gelling agent and the amount of

total water in the .4k,

A NO. D6-15230
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Soze other parameters appearing to affect oonsistency were Investigated

and it is believel that these are in reality directly connected with the

dependency of the gel consistency upon water aottent. During the testing

program, some of tbe gels were liquified and xeelled. The effTete of

this upon the consistency of pumped and unypie4 0.5 nd 1• . peroent gels

are shown in Table I. Upon regelling both the pumped and unpuied saeplas

of t he same initial gel have an identical penetration level but it is

higher than the original gel if tbe regellati temperature in 130Y?.

However, if the regellation temperature was 1204?, then the regeled gels

had afproximtely the same penetration level as the original x*1. I think I

this could be due to the higer regellation teprture Causing enough

dehydration of the liquid gelled fuel to result in a weaker gel and higher

penetration level. In another test, part of a batch of gelled fuel was held

at the gellation temperature of 130'? for about four houke after the selliag

agent bad dissolved. This samle of gel had a higher penetration '.evel WS

the other sample which had been removed from the Sixing vessel MnediateY

after the gellig agent had dissolved. This would indicate a loss of water

during the four hour hold at the geflation temperatUre. In Mut of the

testing the hot liquid gelled fuel. was allowed to cool by datural convratift

at laboratory room temperature. In order to determise the eifoct of tbe "l i

of cooLing, two samples of the name gel batah were treated diffaetly. A

-6007 bath was used to cool one sample at a rate of 1.3'°/uinautover the

temperature range of 1241iF - 8597. The other sU*e M eGOW, at wia

texperatur at a rate of about O.tFk/minuto over the 'Sam'tpttr

Both saxqle were then aU.'W" to attain room ts t*t VAUm

for 24 hours. The gel whisk MM M01617 eo.*b. a Ve=et1Wtlo

I.0

r~v Sy m
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and the naturally cooled gel had a penetration of.29.0, both being measured

with the 62 gram cone. From a.l of this testinG, it is OvioL• that ia order

to ir.x:uce geý&".7 cj i•t&nL CClstencics the ge-latiom procedure wmt be

fta~nJrdize.' in Lem;eratwre, t:zz aM moisture control.

A correlation between the penetration of the three different weight pene-

trometer cones is s'Cown in Fig. 13. Further correlation between penetration

and yield stress can be arrived at theoretically if we assume that the yield

stress is equal to the cone weight divided by the wetted rrea (see Appendix

A). Yield stress as a function of penetration is shown in Fig. 14 for the

three cones.

Since fuel is p~mwped one or more times before it is used in the engine,

0.5, 1.C, and 1.5 percent gels were pumped from one to six times with each

ef the following pumps: small vane pump; small gear pump; small centrifugal

pup; large gear p-mp; and centriuigl boost pump. The effects of pumping

uprou the penetration levels and viscosities of the various gels are shown in

Figs. 15, 16, P.nd 17. For comparison the viscosity of liquid kerosene is

2 centipcise at 77*F.

ic'e of tne pumped gels were stiff enough to measure %ith the penetrometer

and fluid ernu~h to measuzu, wit!' the Zaybolt viscometer aw the correlation

snovn in Fi#. 18 -.as obtained from these d.Ata. This correlation is valid

only for this 6el wnd thc1,d not be uael to evaluatte ny other fluid. The

messureeen', of iiscosity is a dyrnamic ,ne issociateJi with the flow of a fluid

but penetration is a static measurement 8s.'5ciated with a n fltw condition.

INote that t"• lowest viscosity reading, of about 9Kr cer.,ipoises correspords

to ,k penetration of 39.0 millimeters with the 2J grwam cone.

V --
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The vane pump works the gels slightly. Less then the gear pump ahile tliO

centrifugal pump works the gels much mre than the gear and vane pums.

As the number of times pumped with each of the different pimps increases,

the effect upon the viscosa.ty of the gel of each subsequert pumping is

less unt.il finally the gel has reached it level upon which further pumpiing

has no effect. This level is -tisually at~tained by the time the gel has been

pwnpid six times.

As shown in Fig~ure 19), pumtping aerated the. fuel. The ce.-trifu=-i1 pump

aeruted tha uel wo re than the geslr pump. The effects of being pumped

four tirns witLu a centthe pump are thown in Figure 20. Tne picture

As taenr. o c. week after the three ea erent strength Ceps were pwtuped.

The loweer utoyer i liquid fsuo l which has separated from the greqtly

aerated ul'pcr,layer. The ac-,ticn of pumping no,. only reduces the stiffness

ofi the gel, it %1so ý.re .he gel structure allowing liquid fvel to bleed

ou effsct. T hi proeduces " mixtUre ',.p.ayiag the same vapor pressure as

the liqui4l fuel Itself. In the as gelled condiition 7;hf! gel :,.as been shown

by othiers to re,,jUiie several hours to exerL a vapor pressure equiv-tlent to

that of the liquid fuel.

A one percent gel was pnped witU te gear pump through a 150 micrn filter

to detnrrwne the effects of filtration upon the strengLn Of the gel. The

Taybclt viscosity cf 'he Gel which whs pumped athrouh the gK'ter was about,

one-half the S -yeclt vincosiiy of i sample of the same gel piuiped with tho e

geur pump but not thr'ui•,•" the filter.
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.L .. ' XL.:.s i~ ~i n-. o 1.1 c~I ~iui ~ iti t tbo' :additirTi cfo

!~ -"~1 ' ''u~, '~' usr' ~r i~c~oA r.,lobu.'-u; penicil--

I-hi rr w' ~ tr.*; '~'itcr Io -rj 7,- 1 gent and wa~ter

*; ' Iz~c r, * m eV 1, .-T ' A Tq F'rc., th.- data obt; 4iried

vrn:", 7>z. 1C '' "11( ,it the -2~111it agi Trill

* V i i± I-e±.cr m x :e.

Th~~~~rr:j. ther t.' I~erw~. abli ttj of u.i-pu'ip'd rvi to

:'~~~~~~~~ s,,, iw,- .T.2 c c S.r f~i %s~ determ-1 ned hy

114we.rrIn ti'n.' th:-! f,-1Ae 0h16 Olil wet '.he Tto11on txs well as thie

&~uiri,, ~rfacM el, natl b g Srnmll seettons of gel)

T,'.(cd at ron. -nJ~ cr 2 p-tr, bvgin te m'irii when -th(!ý pan was tipped

REV SYM 0 N. D6 2.30
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three to five degrees. Rate of movement was approximately 0.12 inches per

second. The gel sections would not flow through the limber holes in

either pan until the pans had been tipped up 45 degrees.

e. Cooling During Gellation

In making up the batches of gel in the large mixing tank, it was found

that it took a long time for the gelled fuel to reach a uniform room

temperature. The cool-dovn curve in Figure 24 for a typical 94 gallon

batch shows that at least four days were required to reach room temperature

throughout the batch. The top and sides seem to cool and gel first, and

then this gel acts as an insulator in keeping the middle of the tank wtrm.

2. Large Szale Tests

a. Pumpdown

The 707 auxiliary boost pump with vapor elimii•ntor and a snorkel type

inlet was able to pump all of the approximately 100 gallons of the one per-

cent pumped-once gel out of th% pumpdown tank at sea level pressure. When

about 100 gallons of a once-pumped gel were taken to a simulated altitude

of 42,000 feet (2.4 psia) in. steps, there were surface eruptions as air

escaped from the gel, but very little volume increase occurred until the

tank was at 42,000 feet. After about 30 minutes at this simulated altitude,

the volume of gel had increased about five percent. Another 15 minutes

resulted in this volume increase decreasing about 30 percent as mo-e air

escaped fram the gel. When &i attempt was made to yp the gel out of the

tank while maintainlnr "'-! , ..alated altitude, a flow rate of sevet gallons

per minute was ota,.. "-Ly but this lasted only a short time with

35 of the 100 gsllc: - pumped out. This left about 65 geallons of gel

having a head of 2. iver the Iump inlet in the tank. Reducing the

4 simulated altitudi .:3,000 feet (3.,4 psia) and then to 28,000 feet (h.88

4 - psia) resulted in small amounts of this remaining gel being pumped out c_

REV SYM A .AP o M . D6-22 _
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the tank at very low flow rates. During this part of the test, the flow

was insufficient to keep the lines full of fuel as observed in the section

of plastic tubing upstream of the boost pump. A fine.l reduction to a

situlated altitude of 18,000 feet (7.33 psia) alleviated the virtual no-

flow condition and the remainder of the gel was pumped out at about 16

gallons per uinute.

b. Wing Tank k'lowability

An extensive investigation was made of the flowability of gelled fuel in

the simulated wing tank. Table II presents the different combinations of

parameters which were investigated in this portion of the testing and the

pertinent quantitative results. The flow rates as shown are for a steady

flow condition before thepump lost suction. The amount of fuNel left in

the tank was then determined. The pictures in Figures 25 - 32 were taken

at the time that the pump lost suction.
4

The height differential across the baffle rib is an indication of the

amount of restriction which the 6affie rib presents to the fuel. Prior

to pumping, the liquid kerosene (Rum 1, 2, and 3) had zero height differ-

entia)l as would be expected. The 0.5 percent "as gelled" gel (Runs 4

and 5) a&so did no have any lifferentia.l since it was pumped into the

wing tank in tie liquid state. The rest of tIe gels hnd a height differ-

ential ranging from 0.25 inmbes to 1.5 inchis depending on the stiff'ness

of tVe gel. This height differ-ntia.l is aszciated with the yie,.d stresS

o' t..e gel in that a certain force is requirei before the gel will floy

thru•gh the baffle check valves. The tank ws always filled at the end

furthest from the pump so the lower level war always on the pump aija .f

4 _f • D-152 :O
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j the baffle rib. During the pumping tests, these height differentials in-

creased because of thu pressure drop associated with the flow through the

check valves at the rate of pumping. The greatest height differential

occurred during pumping of the 1.5 percent gel (Run 10) which was the

stiffest gel we were able to pump.

During the pumping tests, some observations were made of the remainder

of fuel in the wing tank and of the fuel pumped out of the wing tank into

the mixing tank. The "snake" of 1.5 percent gel shown in Fig. 33 was

found in the wing tank after Run number 11. This is some unpumped gel

which was gelled in a section of tubing downstr-r'm of the gear pump. The

lump shown in Fig. 34 was after the same run and was found in the wing

tank after letting the residual 1.5 percent gel remain there for 24 hours.

• -Shown in Figs. 35 and 36 is a lump which was part of' this 1.5 percent gel

which had been pumped into wing tank (gear pump) and back Lo the mixing

tank (centrifugal boost pump) and was left in the mixing tank for 24

hours. As can be seen in Fig. 37, only two of the various strength gels

tested were fluid enough to have even marginal flow capability. The

pumping tests showed that the .5 percent "as gelled" gel (Runs 4 and 5)

was virtually unflowable and Lndicated that any "as gelled' gel which

forms a self supporting structure will also te unflowable. The 1.5 per-

cent gel (Run 11) which had set in the simulated wing tank for three to-

four hours before attemrting to pump it out, was also considered unflow-

able. At a 28 gram cone penetration of 3b.O millimeters (Run 10) the

gel begins to flow. At 36.5 to 38.0 millimeters pcnetration (Runs 6 and

7) flow is very slow. (;els of 60 and 112 centIpoisC viscosity (equivalent

REV SYM FMM'7A, --0 D6- 15230 .
PAGI 6:
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to 1.0.9 and 41.0 millmiweters penetration) flowed .Zo as to be considered

marginal for use in an sirplane fuel system (Runs 8 and 9y).

The gelled fuels which we n:-ve clhssified as being marginal were con-

sidered to be marginal in their co.pability to flow within the tank to the

tank boost pump inlet. In our present aircraft fuel systems, we depend

upon this gravity flow of the fuel to the tank boost pump inlet with a

minimum amount of fuel remaining in the t-ýnk. dith these marginal gels,

considerable amounts remained in the tp.hJ w:hen the tank boost pump lost

Auction.

In case of a tank boost pump or electrical power failure, our present fuel

systems can -ilso gravity feed liquid fuel through the Airplane fuel system

to the engine fuel pump inlet to at least 6,000 fee: .Lltitude. The mar4i-

4 nal gels obviously do not have th.is capability of auction feed. In fact,

due to increased pressure drop 3.nd flow restrictions, it is highly unlikely

that any gel would be 1.ble to be gr2.vity fed to the engine pump inlet.

C. Vibration

The vijration testing was done in three parts. The vibration spectrum

for the two tests on the unpumped gel are shown in Table III.

There was little effect upon tt-e unpumped gel until tUe double implitude

exceeded 1.5 inches. IntiUlly, there was liquid cn the surface of the

gel. This h'v. bled into the .-. ,les made when simples were removed for

penetration testing. The vibrp'icn action cýýused - fo ming of tni!. liquid

in the InboArd sectic& v•d sloshing of the gel in the center section. The

ovement of tais center section of 8el compacted it, crettir% Taps betveen

PEV Simb~ WfAPWf 165210 9
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Ti the gel and the ribs. The movement of the gel also induced bleeding of

liquid fuel at the bottom of the tank, particularly vthcre it had gelled

around the stiffeners. This liquid was then forced from the bottom of

the tank to the surface of the gel at the inboard face of the outboard

rib. At the high end of the ,mplitude spectrum, the ,_ction was violent

enou•h to cause some liquid fuel to be thrown cut of the tank. Very

little occurred in the outboard section of the tank section.

The reaction cf the pumped gel to the vibration spectrum shown in T-Lble

IV, was much more violent thnn the rectoion of the unpumped gel. Again,

very little occurred in the low amplitude portion of the spectrum. As

the double amplitude increised above I.F, in., the motion of the gel in-

creased. At the highest double amplitude used for the pumped gel, 3.6 in.,

the action in the inboard secticon became so violent that gel was thrc-.:n

out of the tank. Approxim'-.tely ten gallons of gel were thrown out before

the end of the test. As rel w",.s thrown out of the inbooard section, more

,7el would flow; into this section through the flapper check valves. This

violent spl:Lshing of the pumped gel occurred only in the inbonrd section.

This was ;ittributed to the geometrical differences in the three sections

of the tanK. The pumped gel had -. slight increase in penetration level at

the ernd of the vibration testinr.. If the wing t-unk had been covered and

the period of vibri.t ion wys c..iLcnded for some trie, .iie motion of the gel

wo:ad tend to liquify it even n-more.
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CALCULATIONS OF YIELD STRESS AS A FUNCTION OF PENETRATION

The following equations and figure were used to calculate the yield stress as a

function of the depth of pene'ratiL 1 of the ASTM D 217 Penetrometer cone and two

other lighter weight cones made of 1l1stic and alumirum but conforming to the

same dimensions as the standard cone. A correction for buoyancy was made using

.000 gramsicubic millimeter for the density of the gel.

Acn =IT r r-+h? h - Altitude
cn r - Radius of Base

V 1l.0147 rh
cone

4.4900
4

NO 14.986

88 -0381

DIMENSIONS IN MILLIMETERS

0
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APPE.NDIX 3

Coctdinstion Sheet 727-YV-12, "Lasboratoziy Vib~ration

Test of Oelled Fuel"
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.COORDINATION SHEET

To k C. !fin41 :.O. - NO . 'r 7-7 V -12

C.C. W.1. Bar,-k ITEM NO.
A. J. Kn.:
A. C. Ltr:,en DATE 1-19.67

MODEL 7?7

GROUP INDEX LOADS ),'d) D'1,VI3 Utfl'i

SUfJkFCT Iaboratory Vib..r.tion Tent of Galled Fuel

(a) M,.r: 6-77"7-17 fro•n
B. C. .EIr.ine to A. C. Lorsen

(b) TC-2-]•, "Gio-'o" V•,ration Test of the

Da t on the loi, frequc'.,y vibraticn rmcies of' boein., :ubsono.e .et
tra.isport" wls liae becn r,.-kuezte't for epplicition in the l.aboratory
vibrati-in tet of e~elled fuel. The folloving Ic basel on measurements
on the r-r, Thl 77 ea.•r)1n'.'.

Vibration do', recordel ot vin, stntion 770 during the 727 fiiiht
loads survey vris reduzl by :ormputer analysis to a response onvolope
in tr•m3 of acceltratiot. power sp;?ctral density. TWe portion of
this envelop'e fr.:r .9 - 10 cps wt3 converted to displ~cement power

IA. spectral density end plotted in Fi~i.re 1. As indicated the principal
mode occurs at 3.0 CpS. Contributions of other modes to total wirg
vibratory dis:.viAce7ent is relat~vcly smsll. The r-as displacement
recpan.e betve:n .9 anl 10 cps wea co..mputed to be 1.80 inches double
amplJ rude~.

As•suminZ a n-•.#l dictribution, the probability that any given
respone emplituie, v.thin the frequency range of the *nvelope, will
exceed the rvi ro.,-on3e of the envelope is .60, i.e., the rY.s respon.ie
will be exceedA .d <,'. of the tl.me. SimilArly, two timea3 the riJ
responae will ba exedodai 2P,, of the tire, and thrce tines the rms
rectronse will be e.Y:edeJ, only 1% of the 1T.-
Tnh" above results from fliel.t m,-esure.;.erts were correlated with r.ode

shapes detei-nined it. the grounl vibration teat (Defer'ence b). The
3.2 cps mode shaope Is shorni in Fiwure 2. A slightly hier' freqoency
waa meeaured during the around test because there way no fuel in the
vinZ. As indicated the rnri.itr dicplacements cccurred at the extreme
outhoird tank end, 15M 700.•, with a node line occurring obort W" 530.

To a-pl.y the ubove data to a l:boratory tezt in wVich the Abraitor
is capable of pr'oducin- h, -!nur.,Idal Input of constant freiiienqy, the
folio',wii; pr:,cedurc is re,:onr:.nded:
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5 General View of Mixing and Pumpdown Tanks with Gear Type 19
Transfer Pump and Centrifugal Boost Pump (6A72923)

6 Position Adopted by 1% Kerosene Gel in Center Section of 20

Tank When Placed at 30* on End (6A72803-6)

7 727 Wing Tank 21

8 Gimballed Table, Simulated Wing Tank and Centrifugal 23

Boost Pump (6A73275-3)

9 Simulated Wing Tank Mounted on Vibration Test Rig 24
(6A74055-4)

10 Stiffness of Kerosene Gels Made with FAA 1069-1 Gelling 32
Agent as Indicated by Penetrometer - No Control on Water
Content of Gelling Agent

11 Effect of Gelling Agent Water Content on Strength of 33
Kerosene Gels Made with FAA 11069-1 Celling Agent

12 Samples of 4,J Kerosene Gel Prepared with 3.7% and l4.9,' by 34
Weight of Water in the Gelling Agent (6A72809-8)
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LIST CF ILLUSTKATIONS (Continued)

Figuree

13 Stiffness Testing of Kerosen. 'fels Made with FAA 1069-1 ý7
Gelling Agent

14 Yield Stress as o Function of Penetration 38

15 Effect of lumps on Consistency of Kerosene Gels Made with 4o
FAA 1069-1 Gelling Agent

16 Effect of Pumps on Consistency of Kerosene Gels M4ade with 41
FAA l069-1 Gelling Agent

17 Effect of Centrifugnl Pump on Consistency of Kerosene Gels 42
,Made with FAA 1069-1 Gelling Agent

n8 Correlation Between Viscosity and Penetration of Kerosene 43
Gels Made with FAA 10613-1 Gelling Agent

19 Samples of 11 Kerosene Gel Made with FAA 1069-1 Gelling 45
Agent 3efore and After Pur'nping (6A42398)

20 Samples of Kerosene Gels Made with FAA 1069-1 Gelling Agent 46
One Week After Being Pumped Four Times with a Centrifugal

4 Pump (6A72711-1)

21 Effect of Time on Consistency of Kerosene Gels Made with 48
FAA 1771o9-1 Gelling Agent

22 Effect of Time on Consistency of Pumped Kerosene Gels Made 4()
with FAA 1o69-1 Gelling Agent

23 Effect of Temperature on the Consistency of a il.• Kerosene 50
Gel Made with FAA 1069-1 Gelling Agent

24 Cooling Curve for a 94 Gallon 3atch of 15 Kerosene Gel 53
Made with FAA 1(09-1 Gelling Agent

25 Run Number 1 - Liquid Kerosene at End of Pumpdown 56

2b Run Number 6 - Pumped Three Times 0.71 Gel at End of Pumpdown 56

27 Pun Number 7 - Pumped Once 0.7% Gel at End of Pumiwiown 57

28 Run Number 6 - Pumped Once l.7•, Gel at End of PUmpdown 57
(Stiffener Adjacent to Pump Inlet Still in I'lace)

29 Run Number 4 - "As Gelled" O.5ý Gel at End of Pumpdown 59.
"(Tank Set at 2' and 30)
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LIST OF ILLUSTRATIOIN3 (Concluded)

Figuare &&ge

30 Run Number 5 - "As Gelled" 0.5% Gel at End of Pumpdown 58
(Tank Set at 8" and 10)

11 Run Number 10 - Pumped Once 1.5. Gel at End of Pumpdown 59

J2 Run Number 11 - Pumped Once 1.5-X Gel After Four Hour Interval 59
at End of Pwapdown

33 "Snake" of 1.5'1' Gel From Wing Tank 61

3. Lump of 1.51, Gel From Wing Tank 61

L5 lump of 1.5 Gel From 1Miixing TanX 62

36 Lump of 1.51. Gel From Mixing Tank 62

37 I'enetrnttion anl Viscosity of Kerosene Fuel Gels Used in 63
Wing Tank Flowebility Testing
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